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Organization for Economic Cooperation and Development, The OECD Principles of Good 
Laboratory Practice, Environment Monograph No. 45 [ENVIMC/CHEM(98)17], Paris 1998. 
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ABSTRACT 

The results of Chromosome Aberration Assay in cultured Chinese Hamster Ovary 
(CHO) cells suggest that the test article, Diethylene triamine trinitrate (DETN, Lot number: 
ABY07D031 S002, 1 00% pure), does not exhibit clastogenic potential. 

The test article, DETN, was evaluated with and without exogenous metabolic activation for 
its potential to induce chromosome aberrations in CHO cells. The test article was prepared and 
diluted with water. In order to assess the toxicity of the test article, a Range Finding Test was 
perfonned. Based on the solubility test, the test article was evaluated at concentrations of 0.5, 1, 
5.0, 10.0, 50.0, 100.0, 500.0, 1000.0 and 5000.0 J.!glmL both with and without metabolic 
activation. Water was included in both systems as the solvent control. 

In the non-activated system, duplicate cultures at each concentration level were treated for 
3 hours in modified McCoy's SA medium containing 10% fetal bovine serum. In the activated 
system, duplicate cultures at each concentration level were treated for 3 hours in serum-free 
medium containing phenobarbitaVB-naphthoflavone-induced rat liver S-9 fraction. The cells were 
harvested approximately 18 hours after the initiation oftreatment (1.5 x nonnal cell cycle) in both 
systems, with 0.1 J.!glmL Colcemid® present during the final 2 hours of incubation. Toxicity was 
detennined by the reduction in relative cell growth (RCG) and/or relative mitotic index (RMI) in 
the treated cells, as compared to the cells treated with the solvent control. No significant 
cytotoxicity was observed at all dose levels both without and with the metabolic activation. 

Based on the results of the Range Finding Test, the Definitive Chromosome Aberration 
Assay was perfonned using test article concentrations of 100, 500, 1000, 2500, and 5000 J.!glmL 
both without and with metabolic activation. Concurrent solvent and positive controls were also 
included. Duplicate cultures were treated at each concentration for 3 hours. The harvest time was 
18 hours Q-.5 x nonnal cell cycle) after the initiation of treatment in both systems with 0.1 J.!glmL 
Colcemid R present during the final 2 hours. Mitomycin-C (MMC), at 0.4 and 0.8 J.!g1mL and 
Cyclophosphamide (CP), at 7.5 and 12.5 J.!glmL, were used as the positive controls in the non-acti­
vated and activated systems, respectively. 

Chromosome aberrations were scored from the cells treated with the concentrations of 
1000, 2500 and 5000 J.!glmL both without and with activation based on the cytotoxicity data. The 
the corresponding solvent control and one concentration each of the positive controls (MMC at 0.8 
J.!glmL and CP at 12.5 J.!glmL) were also scored. Two hundred metaphases were scored from each 
concentration and the controls. Statistical analysis using the Chi-square test was perfonned. 
Toxicity was measured by detennining the RCG and/or RMI. The percentage of polyploid and 
endoreduplicated cells was also detennined at each concentration. Both the solvent control and 
positive controls in the Definitive Chromosome Aberration Assay fulfilled the requirements of a 
valid test. The results from the Definitive Assay were negative both with and without activation. 

A Confirmatory Chromosome Aberration Assay was perfonned without activation only, 
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since the results from the Definitive Assay were negative in the non-activated system. The 
concentrations tested were 100, 500, 1000, 2500 and 5000 llg/mL. The treatment time was 18 
hours. The harvest time was 18 hours after the initiation of treatment (1.5 x normal cell cycle). The 
solvent control and positive control (MMC at 0.2 and 0.4 llg/mL) were also included concurrently. 
Chromosome aberrations were scored from the cells treated at concentrations of 1000, 2500 and 
5000 llg/mL based on the cytotoxicity data. The corresponding solvent control and one 
concentration of the positive controls (MMC at 0.4 llg/mL) were also scored. Both the solvent and 
positive controls in the Confirmatory Assay fulfilled the requirements of a valid test. The results 
from the Confirmatory Assay were negative without activation. 

The results from both the Definitive and the Confirmatory Chromosome Aberration 
Assays indicate that the test article, DETN, did not induce a statistically significant increase in the 
percentage of cells with aberrations both with and without metabolic activation compared to the 
solvent controls, at the concentrations tested. Because the test article is a non-cytotoxic compound, 
the highest concentration for the chromosome aberration test was 5000 llg/mL which was the 
maximum concentration required by OECD Test Guideline 473. Therefore, under the conditions of 
this test and according to the criteria defined in the OECD test, DETN, was determined to be 
negative (not clastogenic) both with and without metabolic activation in the CHO Chromosome 
Aberration Assay. The strength and stability of the test article, dosing solutions, under the 
experimental conditions, were not determined and the impact on results and the conclusion is not 
known. 
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INTRODUCTION 

The experimental part of this study was conducted by Jian Song, Ph.D., Melkie Lulie, 
M.S., Shashi Shanna, B.S., Weiyu Xie, M.D. and Hussain S. Shaffi, B.S., from June 25, 2009 to 
July 25,2009 at SITEK Research Laboratories. The experimental procedures used to perform this 
study are described by H.J. Evans (4). 

The in vitro chromosome aberration test is designed to identify agents that cause structural 
chromosome aberrations in cultured mammalian cells. Structural aberrations may be of two types, 
chromosome or chromatid. With the majority of chemical mutagens, induced aberrations are of the 
chromatid type, but chromosome-type aberrations also occur. Chromosome mutations and related 
events are the cause of many human genetic diseases and there is substantial evidence that 
chromosome mutations and related events causing alterations in oncogenes and tumor suppressor 
genes of somatic cells are involved in cancer induction in human and experimental animals. 

The purpose of this study was to evaluate the test article, DETN, for its potential to induce 
genetic damage as manifested by the induction of chromosome aberrations in cultured Chinese 
hamster ovary (CHO) cells. CHO cells have been used extensively in the Chromosome Aberration 
Assay, and have been demonstrated to be effective in detecting the clastogenic activity of 
chemicals from a wide range of chemical classes (4-6). 
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TEST ARTICLE 

1. Name: 
2. CAS No.: 
3. Provided by: 

4. Batch/Lot No.: 
5. Physical Description: 
6. Shipping Conditions: 
7. Date Received at SITEK: 
8. Storage Conditions: 
9. Purity: 

10. Expiration Date: 

CONTROL ARTICLES 

Positive Controls 

SITEK Study No. 1001-3110 

MATERIALS 

Diethylene triamine trinitrate (DETN) 
Not Available 
USA RDECOM, AMSRD-MSF 
Environmental Acquisition & Logistics Sustaining 
Program 
Aberdeen Proving Ground, MD 21010 
ABY07D031 S002 
White Powder 
Room Temperature 
June 18, 2009 
Room Temperature 
100% 
Not Available 

Mitomycin-C (MMC), which induces chromosome aberrations in the absence of metabolic 
activation, was used at 0.4 and 0.8 IlglmL for the Definitive Chromosome Aberration Assay and 
0.2 and 0.4 IlglmL for the Confirmatory Chromosome Aberration Assay, in the non-activated 
system. Information on the MMC used in this study is provided below: 

1. Source: 
2. CAS No.: 
3. Lot No.: 
4. Storage Conditions: 
5. Expiration Date: 

Sigma Chemical Company 
50-07-7 
117K1188 
I-5°C 
December 9,2013 

Cyclophosphamide (CP), which induces chromosome aberrations in the presence of 
metabolic activation, was used at 7.5 and 12.5 IlglmL for Definitive Chromosome Aberration 
Assay in the activated system. Information on the CP used in this study is provided below: 

1. Source: 
2. CAS No.: 
3. Lot No.: 
4. Storage Conditions: 
5. Expiration Date: 

Sigma Chemical Company 
6055-19-2 
075K1661 
I-5°C 
May 2, 2011 
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MMC and CP were dissolved in deionized, distilled water (ddH20) to prepare the stock 
solutions. MMC was diluted to 80 f.lglmL and CP was diluted to 1.25 and 1.5 mglmL. All stock 
solutions were dispensed in small aliquots and stored at -10 to -20°C. One vial of each was 
thawed just prior to treatment and used in treating the cells. For the Definitive Chromosome 
Aberration Assay, 25 f.lL and 50 f.lL of 80 f.lglmL MMC were added to 5 mL of medium to obtain 
the final concentrations of 0.4 and 0.8 f.lglmL, respectively. 25 f.lL of 1.5 mglmL and 50 f.lL of 1.25 
mglmL of CP stock solutions were added to 5 mL of medium to give final concentrations of 7.5 
and 12.5 f.lglmL, respectively. For the Confirmatory Chromosome Aberration assay, 12.5 f.lL and 
25 f.lL of 80 f.lglmL MMC was added to 5 mL of medium to obtain the final concentrations of 0.2 
and 0.4 f.lglmL, respectively. 

The stability of MMC and CP, under the experimental conditions, was not determined by 
SITEK Research Laboratories. However, both substances were used before their expiration dates. 
Certificates of Analysis and their stability information can be obtained from Sigma - Aldrich. 

Solvent Controls 

The test article dosing solutions were prepared in ddH20. Therefore, ddH20 was used as 
the solvent control for the test article. Information on the DD water is provided below: 

1. Source: 
2. Lot No.: 
3. Storage Conditions: 
4. Expiration Date: 

INDICATOR CELLS 

SITEK 
103 
Room Temperature 
August 03,2009 

The clone CHO-W-B1 of the CHO cell line, used in this study, originated at Litton 
Bionetics and was obtained by SITEK through the Environmental Health Research and Testing 
Laboratories, Lexington, Kentucky, in 1988. The doubling time of this cell line is approximately 
12 hours, and its modal chromosome number is 21. The karyotype analysis of the cell line is 
periodically performed and documented at SITEK Research Laboratories. 
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CULTURE MEDIUM 

The McCoy's SA medium used in this study was obtained from Gibco-BRL. Infonnation 
on the medium used in this study is provided below: 

1. Source: 
2. Lot No.: 
3. Storage Conditions: 
4. Expiration Date: 

GibcoBRL 
48S368,617932 
I-SoC 
August, 2009 (Lot: 48S368) 
April, 2010 (Lot: 617932) 

The fetal bovine serum was obtained from Gibco BRL. It was heat inactivated prior to use 
in this study. The antibiotics, (penicillin and streptomycin) and the supplement, (L-glutamine), 
used in this study were also obtained from Gibco-BRL. The lot numbers were recorded in the study 
workbook. 

METABOLIC ACTIVATION SYSTEM 

The metabolic activation mixture was prepared by SITEK Research Laboratories and it 
consisted of phenobarbital-S,6-Benzoflavone (phenobarbitallB-naphthoflavone) -induced rat liver 
homogenate (S-9 fraction) and the cofactor pool (7). Prior to use in the assay, the S-9 was 
evaluated for its potential to induce an acceptable level of aberrations in Chinese hamster ovary 
cells with CP (7.S ~glmL and 12.S ~g/mL). Immediately prior to use, the S-9 was thawed at room 
temperature and mixed with the cofactor pool to fonn the metabolic activation mixture, which 
consisted of 4mM NADP, SmM glucose-6-phosphate, 30mM KC1, 10mM MgClz, SOmM sodium 
phosphate (PH 7.4) and 1 00 ~LlmL of S-9 fraction (10%). This mixture was diluted 1:4 by volume 
with serum-free medium before treating the cultures. 

The source, lot numbers, protein content, inducing agent, storage condition and expiration 
date are listed below: 

1. Source: 
2. Lot No.: 
3. Protein Content: 
4. Inducing Agent: 
S. Storage Condition: 
6. Expiration Date: 

Moltox 
2418, 
37.3 mg/mL 
Phenobarbital-S,6-Benzoflavone 
<-70°C 
May 21, 2011 

Detailed infonnation about the S-9 batch used in the Assay is provided in Appendix N. 

13 



SITEK Study No. 1001-3110 

EXPERIMENTAL PROCEDURES 

DOCUMENTATION 

The materials, experimental procedures used in the performance of the study, experimental 
results and methods used in the evaluation of the results were documented in the study workbook. 

TEST SYSTEM IDENTIFICATION 

All of the test cultures were labeled using an indelible ink pen with the SITEK study 
number, control or test article concentration (used for treahnent), the activation system followed by 
a code number (used for slide labeling) for the concentration tested, A or B to designate tubes 
receiving the same treatment (two replicate cultures) and the date of harvest. The slides were 
labeled with the SITEK study number, code number for the concentration tested, followed by A or 
B for two replicate cultures, and the date in which the slides were prepared. 

SOLUBILITY TEST 

50 mg of the test article were placed in a glass tube and H20 was added to the tube in 0.1 
mL increments until dissolved. 50 IlL of test article at 500 mglmL was added to 5 mL of 
complete medium to determine the solubility of the test article in the cell culture medium. 

DETERMINATION OF pH 

To determine the pH of the test article, 50 IlL of test article at 500 mglmL in water was 
added to 5.0 rnL of complete medium, resulting in a final test article concentration of 5000 )lglmL 
in medium. If the test article causes a change in the color of the medium, indicating a change in pH 
then the pH will be measured. It may be necessary to adjust the pH of the treahnent medium prior 
to adding it to the cultures (8). 

PREPARATION OF TEST CULTURES 

Stock cultures, growing in T-75 cm2 tissue culture flasks in antibiotic-free medium and 
showing approximately 60-95% confluency, were harvested and used to prepare the test cultures. 
The culture medium from the T-75 cm2 flasks was discarded, and the cells were washed with Ca ++­
and Mg++-free phosphate buffered saline (PBS). Cells were then dissociated by incubation at 37 ± 
laC with 0.05% trypsin. The cells were resuspended in complete culture medium containing 10% 
HIFBS, 2 rnM L-glutamine, 50 units/mL of penicillin and 50 )lglmL of streptomycin. The cell 
suspensions were pooled, and an aliquot of the cell suspension was diluted to the appropriate 
concentration and counted using a cell counter. Based on the cell counts, a separate cell suspension 
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with lx105 cells/mL was prepared in complete medium. Five (5.0) mL of this suspension was 
seeded in each T-25 cm2 tissue culture flask to give 5xl05 cells per flask. These cultures were used 
in the Range Finding Test and the Chromosome Aberration Assay. The culture flasks were 
incubated at 37°C, 5% C02 for approximately 20-24 hours prior to treatment. 

PREPARATION OF METABOLIC ACTIVATION SYSTEM 

The metabolic activation mixture consisted of phenobarbitallB-naphthoflavone induced 
rat liver homogenate (S-9 fraction) and the cofactor pool. The S-9 fraction was stored at or 
below -70°C in small aliquots. The S-9 was validated for acceptable levels of protein content 
and metabolic activity. Immediately prior to use, the S-9 was thawed at room temperature and 
mixed with the cofactor pool to form the metabolic activation mixture which consisted of 4mM 
NADP, 5mM glucose-6-phosphate, 30mM KCI, 10mM MgCh, 50mM sodium phosphate (pH 
7.4) and 100 JlLlmL of S-9 fraction. This mixture was diluted 1:4 by volume with serum-free 
medium and used in refeeding the cultures. 

PREPARATION OF TEST ARTICLE DOSING SOLUTIONS 

The test article dosing solutions were prepared just prior to treatment. The test article was 
measured and an appropriate amount ofDD Water was added to prepare the highest concentration 
for the Range Finding Test, the Definitive and the Confirmatory Assays. The remaining dosing 
solutions were prepared by subsequent dilutions. 

RANGE FINDING TEST 

In order to determine the toxicity ofthe test article, a Range Finding Test was performed. 

Test cultures seeded approximately 24 hours earlier were used in the Range Finding 
Test. Two replicate cultures were used at each concentration level in both systems. Based on the 
solubility test, the Range Finding Test was conducted at concentrations ranging from 0.5 to 
5000.0 JlglmL. The cytotoxicity of the test article was assessed by determining the Relative Cell 
Growth (RCG) and lor the Relative Mitotic Index (RMI) of the treated cells. 

In the non-activated and activated systems, the culture medium was removed from the 
flasks and 5.0 mL of fresh, complete medium or 5.0 mL of serum-free medium with the S-9 
activation mixture were added to each flask, respectively. The cells were exposed to the test article 
for 3 hours. The medium was then removed, and the cells were rinsed with DPBS, refed with 5.0 
mL of complete medium and incubated for an additional 15 hours, with 0.1 JlglmL Colcemid 
present during the final 2 hours. 

All of the cultures were harvested 18 hours after the initiation of treatment (1.5 x normal 
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cell cycle time). The medium was transferred in labeled centrifuge tubes, and the monolayer of 
cells was washed with PBS, dissociated with 0.05% trypsin and resuspended in the collected 
medium. An aliquot of this cell suspension was counted using an electronic cell counter. The 
number of cells per flask was calculated for each concentration, and the Relative Cell Growth 
(RCG) was calculated using an Excel 2003 spreadsheet program with the following formula: 

RCG = No. Cells in Test Flask X 100 
No. Cells in Solvent Flask 

The remaining cell suspension was processed to determine the Relative Mitotic Index 
(RMI) as described below. 

The cells were collected by centrifugation (800 rpm), swelled in hypotonic KCI (0.075M) 
and fixed in methanol: glacial acetic acid (3: 1) fixative. The fixed cells were stored at I-5°C. The 
cells were then collected again by centrifugation, resuspended in a small volume of fresh fixative 
and dropped on microslides. The slides were air dried, stained in 5% Giemsa stain and mounted in 
Cytoseal using #1 cover glasses. The coded slides were scored for Mitotic Index (MI). A total of 
1000 cells were scored from each concentration (500 from each duplicate flask), and the number of 
dividing cells were recorded. The MI for each concentration was calculated using an Excel 2007 
spreadsheet program with the following formula: 

MI = No. of Dividing Cells from 1000 Cells 
10 

RMI = Test Concentration MI X 100 
Solvent Control MI 

The cytotoxicity was evaluated on the basis of the reduction in the RCG and/or RMI. If 
possible, a concentration causing approximately 50% reduction in RCG and/or RMI was selected 
as the highest test concentration for the Chromosome Aberration Assay. In addition, three or more 
lower concentrations were included in the Assay. If no cytotoxicity was observed at the maximum 
concentration tested, the Chromosome Aberration Assay was performed at four decreasing 
concentrations starting with the maximum soluble concentration or one or two concentrations with 
precipitate. 

DEFINITIVE CHROMOSOME ABERRATION ASSAY 

Based on the results of the Range Finding Test, the Definitive Chromosome Aberration 
Assay was performed. The Definitive Chromosome Aberration Assay was conducted with a single 
harvest at 1.5 x normal cell cycle time. 

The test cultures were prepared as described earlier. Two replicate cultures, seeded with Ix 
105 cells/rnL each approximately 20-24 hours earlier, were treated at each concentration level in the 
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non-activated and activated systems. The cells were treated at concentrations of 100, 500, 1000, 
2500 and 5000 /-lglmL both without and with metabolic activation based on the Range Finding 
Test data. Mitomycin-C (MMC), at 0.4 and 0.8 /-lglmL and Cyclophosphamide (CP), at 7.5 and 
12.5 /-lglmL, were used as the positive controls in the non-activated and activated systems, respec­
tively. 

11 the non-activated and activated systems, the culture medium was removed from the 
flasks and 5.0 mL of fresh, complete medium or 5.0 mL of serum-free medium with the S-9 
activation mixture was added to each flask, respectively. The cells were exposed to the test article 
for 3 hours. The medium was then removed, and the cells were rinsed with DPBS, refed with 5.0 
mL of complete medium, incubated for an additional 15 hours, with 0.1 /-lglmL Colcemid present 
during the final two hours, and hanrested 18 hours after the initiation of the treatment (1.5 x 
normal cell cycle time). 

The cells were processed to determine the RCG and RMI as described in the Range 
Finding Test. 

Parallel toxicity was assessed by a reduction in the RCG and/or RMI. The slides for the 
RMI were also used for the determination of chromosome aberrations. 

Based on the RCG and/or RMI results, chromosome aberrations were scored from the cells 
treated with the concentrations of 1000, 2500 and 5000 /-lglmL both without and with activation. 
The untreated, corresponding solvent control and one concentration each of the positive controls 
(MMC at 0.8 /-lglmL and CP at 12.5 /-lglmL) were also scored. Two hundred metaphases were 
scored from each concentration and the controls. Statistical analysis was performed using the Chi­
square test. Toxicity was measured by determining the RCG and RMI. In addition, the percentage 
of polyploid and endoreduplicated cells was also determined at each concentration. 

The types of chromosome aberrations scored and the corresponding abbreviations used are 
given below (9): 

1. Chromatid-type Aberrations 

Simple: 

tg 

tb 

isb 

Chromatid gap - an achromatic region occurring along the 
length of a chromatid in which there is no misalignment. 

Chromatid break - a discontinuity occurring along the length of 
either of the two chromatids in which there is a misalignment. 

Isochromatid break - a discontinuity occurring in both the chroma­
tids at the same locus showing complete rejoining or sister chrom­
atid union at both the broken ends or incomplete reJOlmng, I.e., 
only at one of the two broken ends. 
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Complex: 

qr 

tr 

id 

CI 

cr 
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Quadriradial - chromatid interchanges between chromosomes 
leading to four-armed configurations. This could be asymmetrical 
with formation of a dicentric and an acentric chromatid, if union is 
complete, or symmetrical where there is no formation of a 
dicentric and an acentric chromatid. 

Triradial - isochromatid-chromatid exchanges resulting in three­
armed configurations and sometimes fragments. The latter should 
not be scored as an independent aberration. The triradial could be 
monocentric or dicentric. 

Interstitial deletion - intra-arm intra-changes resulting in deletion of 
small fragments which, however, stay in association with the parent 
chromatid. 

Chromatid intrachange - exchanges occurring between arms of the 
same chromosome resulting in asymmetrical (rings) or symmetrical 
configurations. 

Complex interchanges - multiarmed configurations resulting from 
breakage and reunion of two or more chromosomes. 

2. Chromosome-type Aberrations 

Simple: 

sg 

sb 

Complex: 

d 

r 

Chromosome gap - an achromatic region occurring in both chroma­
tids of the chromosome at the same locus with no misalignment. 

Chromosome break - a discontinuity at the same locus in both 
chromatids, giving one acentric fragment which may be misaligned 
and a shortened monocentric chromosome, and where there is no 
sister chromatid union. 

Dicentric - an asymmetrical exchange between two chromosomes 
resulting in a chromosome with two centromeres with or without an 
accompanying acentric fragment which should not be score as a 
second aberration. 

Ring - inter-arm intrachange happening within the chromosome, 
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3. Other Aberrations 

pu 

sd 

pp 

e 
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leading to fonnation of a centric ring with or without a chromosome 
fragment. The fragment should not be scored as a second 
aberration. 

Double minutes - intra-ann intrachanges leading to tight acentric 
paired rings. 

Pulverized chromosome or chromosomes - shattering of chromatid 
material resulting in several minute pieces. The identity of the 
chromosome is not decipherable. Considered as a single aberration. 

Severely damaged cell - cell with 10 or more aberrations. 

Polyploid cells - metaphases with multiples or approximate 
multiples of the haploid set of chromosomes. Not scored for 
structural aberrations. 

Endoreduplication metaphases with paired duplicated 
chromosomes or diplochromosomes; they are not scored for 
structural aberrations. 

The chromosome aberration data from the score sheets were consolidated on a Summary 
Table using an Excel 2007 spreadsheet program. The number of aberrations per cell and the 
percentage of cells with one or more aberrations for each concentration level were calculated. The 
data were consolidated separately for the two cultures at each concentration, then pooled and 
presented together. Chromatid gaps and chromosome gaps were scored, but they were not included 
in calculating the percentage of cells with aberrations and the number of aberrations per cell. Of 
the remaining aberrations, each aberration scored was counted as one, except a severely damaged 
cell (sd), which was considered equal to 10 aberrations in calculating the number of aberrations per 
cell. Endoreduplicated and polyploid cells were recorded separately in percentages. 

CONFIRMATORY CHROMOSOME ABERRATION ASSAY 

A Confinnatory Chromosome Aberration Assay was perfonned without activation only, 
since the results from the Definitive Assay were negative. The concentrations tested were 100, 500, 
1000, 2500 and 5000 IlgimL. The treatment time was 18 hours. The harvest time was 18 hours 
after the initiation of treatment (1.5 x nonnal cell cycle). MMC, at 0.2 and 0.4 IlglmL, was the 
positive control. Chromosome aberrations from the Confinnatory Assay were scored at 
concentrations of 1000, 2500 and 5000 IlgimL. The untreated, solvent and positive (MMC at 0.4 
IlglmL) controls were also scored. Two hundred metaphases were scored from each concentration 
and the controls. 
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